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I n  t h i s  paper a r e  given the ca lcu la t ions  of i n t e n s i t y  of c h a r a c t e r i s t i c  

f luorescent  l i n e s  of s i l i c o n ,  aluminum and magnesium i n  the content  of the 

sur face  layer  of l u n a r  rock formations, s t imulated by the  X-radiation of the 

Sun. Instrumentation i n s t a l l e d  on the s a t e l l i t e  of the Moo'n tlLuna-lO" and 

used  f o r  the experimental discovery of X-radiation of the Moon is described. 

This paper includes the results of measurements i n  course of which the l e v e l  

of the cosmic background i n  the v i c i n i t y  of the Moon w a s  determined and 

e l ec t rons  of the " ta i l"  of the E a r t h ' s  magnetosphere with an energy of more 

than 40 kev. have been discovered. Preliminary data  on the r e g i s t r a t i o n  of 

X-radiation is  given. 

INTRODUCTION 

Several  papers dedicated to the X-radiation of the Moon have been 

published recent ly .  The papers (Ref. 1-4) conduct a t heo re t i ca l  examination 

of t h i s  problem, the paper (Ref . 5 )  'makes, az at tempt  to  discover experimentally 

r a d i a t i o n  by means of instruments,  i n s t a l l e d  on ro&e ts, which yielded negat ive 

resul ts .  

- 

X-radiation of the Moon might occur i n  r e s u l t  of the following basic  

processes: r e rad ia t ion  and dispersion by the lunar  sur face  of X-rays from 

the Sun, bombardment of the lunar surface by f a s t  p a r t i c l e s  which might be 

included i n  the content of "a so la r  wind," and a l s o  e lec t rons  contained i n  
the t a i l  of the Earth 's  magnetosphere. 

X-radiation of the l u n a r  surface caused a s  a r e su l t  of na tu ra l  rad ioac t ive  

lunar  formations and induced r ad ioac t iv i ty  from cosmic rays. The evaluat ion 

shows tha t ,  with an exclusion of cases of p a r t i c u l a r l y  sharp increases  i n  

It  is  a l s o  possible  to a n t i c i p a t e  
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the  f l u x  of f a s t  e lec t rons  of terrestr ia l  o r  s o l a r  o r ig in ,  the l a r g e s t  

corttr ibution to  the X-radiation o f  the Moon is  apparent ly  made by the X- 

r a d i a t i o n  fluorescence of lunar formations i n  the c h a r a c t e r i s t i c  l i n e s  of 

- S i ,  A 1  and Mg, which occurs due t o  the inf luence of X-radiation of Ka 
tbe Sun. tY 

The atoms of S i ,  A l ,  Mg absorb so la r  X-radiation with a wavelength 

sho r t e r  than the K -edges of absorption, which compose respec t ive ly  

Ash = 6.7, 7.9 and 9.4 a and re-emit i t  i n  the c h a r a c t e r i s t i c  l i n e s  of 

SIX = 7.11 A ,  A 1 1  = 8.3 1 . and  MgX = 9.87 A .  

ff 

The cont r ibu t ion  of l i n e s  of 

heavier  elements to  the ove ra l l  rad ia t ion  is very low, s ince  the i n t e n s i t y  of 

s o l a r  X-radiation with a wavelength shor te r  than 5-6  %, is extremely small 

( i n  the absence of so l a r  e rupt ions) ;  the cont r ibu t ion  by l i g h t e r  elements 

is a l s o  very small due to  the low contents of these elements i n  the lunar 

rock formations. 

Figure 1 presents  schematically the d i s t r i b u t i o n  of a number of photons 

i n  the so l a r  spectrum within a region shor t e r  than 10 A i n  the case of a 

q u i e t  Sun and a mean l eve l  of s o l a r  a c t i v i t y  (Ref. 6), as w e l l  a s  the 

pos i t i on  of c h a r a c t e r i s t i c  l i n e s  of S i ,  A l ,  and Mg and the respec t ive  reg ions  

of absorpt ion.  

Figure 1. Experimental d i s t r ibu t ion  of the number of 
photons i n  the X-ray spectrum of the Sun fo r  J u l y  2 1 ,  
1959. (Ref, 6 )  (1); region of s e n s i t i v i t y  of counters 
with aluminum ( 2 )  and organic ( 3 )  windows. The pos i t ion  
of the c h a r a c t e r i s t i c  l i nes  and Xsh-regions of absorpt ion 

S i ,  A1 and Mg is shown,%hematically, 
0 

2 



L e t  us evaluate  the an t ic ipa ted  number of photons within the r a d i a t i o n  

of the c h a r a c t e r i s t i c  l i n e  of the element Z (See, f o r  instance,  Ref. 7). We 

w i l l  def ine by Nsh the f lux  of photons from the Sun with a wavelength of 

A < Ash, which f a l l s  during one second on one square centimeter of the lunar  

surface.  The number of photo'& reaching the depth R w i l l  be 

where cp is  the angle of incidence, p is  the l i nea r  c o e f f i c i e n t  of absorption. 

The number of photons absorbed by the layer dA w i l l  be  

(EN = N Te-PYcoWdl, 
SH 

where T is the c o e f f i c i e n t  of the true absorption. By def ining the c o e f f i c i e n t  

of f luorescence escape by w, the weight concentration of atoms of the given 

element 2 i n  the rock formation by k, and by P, the r e spec t ive  probabi l i ty  

of t r a n s i t i o n  f o r  the given l i n e ,  we w i l l  ob ta in  the number of emitted 

photons with a wavelength A 

dNk = PWkz~hTe- f l"CoB~dl .  
- -  

The following number of photons w i l l  leave i n  8 d i r e c t i o n  of Y, per 

u n i t  of the s o l i d  angle 
Q) f 

h = %h Pwkz' l e  -"(&+=) d,l, 
.?. , . . 4rt 0 

Assuming, fo r  instance,  t h a t  i n  the case of A l :  Nsh M li105 photon/ 

10 photon/square 

square centimeters sec (high level  of so la r  a c t i v i t y ) ,  kAl FY 0.1, T M p ,  
P fil 1, w M 3*10m2 and cos cp w cos JI M 1, we obta in  N 

cent imeters  sec s te rad .  Such a number of photons might be r e l i a b l y  

recorded by a lunar s a t e l l i t e  with the help o f ,  f o r  instance,  'a photon 

counter.  

x" 

The contents  of elements of S i ,  A1 and Mg i n  rock formation on Earth,  

an analogy of which might be an t ic ipa ted  on the Moon, changes very s i g n i f i c a n t l y  

(See t ab le  [ R e f .  81, i n  which the content of elements i n  p e r c e n t q d  the r a t i o  

of these contents  i s  given),  
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# 

I 

r' 

4,5 
8,8 

24,O 
0,2  
0 , 3  
0,61 

Table - 

2,2 
7,7 
32,3 
0,07 
0,24 
0,22 

hrg 
A1 
Si 
Mgl'Si 
Al/Si 

1 Mg/Al 

I4 ,O 
1, 3 
l8,O 
098 
0.07 

11 

26,O 
0,45 

19,o 
1 , 3  
0,02 
65 

Thus, by measuring the respective contents of the elements Mg, A1 and 

S i ,  i t  is  possible t o  g e t  some idea about the character  of lunar  rock 

formations and i n  pr inc ip le  to  prepare a map of t h e ' d i s t r i b u t i o n  of rock 

formations on the sur face  of the Moon, 

In addi t ion ,  the discovery of X-radiation of the Moon represents  an  

i n t e r e s t  independently, pa r t i cu la r ly  on the p a r t  of the cha rac t e r i s  t i c  of 

the r ad ia t ion  background on the surface of the Moon. 

These ideas  formed the €ouhdation €or the experiment on the diseavefy 
of X-radiation of the Moon with the help of the f i r s t  a r t i f i c i a l  s a t e l l i t e  

of the Moon llLuna-lO". The purpose o f  t h i s  paper i s  to  descr ibe the 

instrumentation and the preliminary r e s u l t s  of t h i s  experiment. 

INSTRUMENTATION 

I n  the capaci ty  of r ad ia t ion  receivers  served photon geiger counters 

with a neon-oxygen quenching mixture and two types of windows:. 

f o i l  with a mass of 2.7 mg/square centimeters and organic f i lm with a mass 

of 1.1 mg/square centimeters,  The area of the window was about 0.5 square 

cent imeters ;  the f i e l d  of v i s ion  was abou't 1 sterad.* 

aluminum 

The areas  of s e n s i t i v i t y  of both types of counters a r e  presented 

schematically i n  Figure 1; the counter with the organic window is  s e n s i t i v e  

to  l i n e s  of S i ,  A1 and Mg, the counter with the aluminum window is s e n s i t i v e  

to  the l i n e s  of A1 and Mg. The counters were assembled i n  three u n i t s  and 

*The counters were developed by L. S. Sorokin, V, G. Chaykovskiy, and 

A,  B. Dmitriyev, to.whom the aqthors of t h i s  paper extend t h e i r  g ra t i t ude .  



i n s t a l l e d  on the ex terna l  surface of the s a t e l l i t e ,  as is  shown schematically 

i n  Figure 2.  

converter) .  

by three separate  logarithmic in tegra ls  with a measurement range f o r  the 

speed of count from 5 - 500 pulses per second; the t i m e  constant  of the 

in t eg ra to r s  was about 10 seconds. 

Each u n i t  included also a s o l a r  sensor ( a  s i l i c o n  photo- 

Pulses from the counters with aluminum windows were r eg i s t e red  

Figure 2 .  Direction of op t i ca l  a x i s  of the X-ray 
instrument ind ica tors  (Cr-I, C r - 1 1 ,  Cr-111) , the 
p a r t i c l e s  counter SBT-9 and the d i r ec t ion  of the 
X ,  Y-,- Z axes of the ferrozondal ind ica tors  of the 
a r t i f i c i a l  s a t e l l i t e  of the Moon "Luna-lo". 

Another such integra to r  reg is te red  the readings of three counters with 

organic  windows which were connected on a p a r a l l e l  to each o ther .  

the four  in t eg ra to r s  was ca r r i ed  out to a telemetry channel. 

of the three so l a r  sensors ,  which were a l s o  connected p a r a l l e l  to each o the r ,  

were fed ,  a f t e r  ampl i f ica t ion ,  to the output  cascade with a t i m e  constant  of 

Each of 

The s igna ls  

about one second. 

telemetry channels ( i n  order to  decrease the time between the subsequent 

in te r roga t ions) .  

to  the luminescence of the photodetectors; the zero value U 

approximately to  the d i r ec t ion  towerd the Sun of each of these photodetectors.  

The readings of  t h i s  cascade were r eg i s t e red  along two 

The output voltage of t h i s  cascade w a s  inversely proport ional  

corresponded out  
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The telemetry sys  tem interrogated each of the outputs of the measurement 

channels of t h i s  instrument once every two minutes with a s h i f t  of twelve 

seconds . 
MEASUREMENT RESULTS 

The instrumentation was ac t iva ted  by command from Earth during the 

period from A p r i l  8 - May 29, 1966. A t o t a l  of more than 40 telemetry- 

. measurement sessions has been conducted during t h a t  period of t i m e .  During 

the period between A p r i l  8 - May 23 - 29 of 1966, the l e v e l  of so l a r  a c t i v i t y  

was  extremely high, and during the ear ly  p a r t  of May, the l eve l  of a c t i v i t y  

was  considerably lower. 

"he measurement results a r e  presented i n  Figure 3. It is  necessary t o  

keep in  mind the following during the examination of these r e s u l t s .  

to  the measurements of the in t ens i ty  of rad io  s igna l s  from the s a t e l l i t e ' s  

transmitter, the magnetometer readings, and our indica tors, the d i so r i en ted  
s a t e l l i t e  ro t a t ed  with a period of 30 - 40 seconds. 

According 

The pos i t ion  of the 

momentum vector  i n  respec t  to  the  axis of the s a t e l l i t e  and i n  space has n o t  

y e t  been establ ished.  However, based on the r e s u l t s  of magnetic measurements, 

i t  is  possible  to  make the following assumption. During the period between 

A p r i l  8 and A p r i l  21, 1966, the component of the magnetic f i e l d  on the X-axis 

remained pos i t i ve  during the e n t i r e  period of time, the 2 component remained 

negat ive,  and the Y component was of an a l t e r n a t i n g  character .  From t h i s  i t  

9 

follows t h a t  the momentum vector (and the ax i s  of r o t a t i o n  of the s a t e l l i t e  

c lose  t o  i t )  w a s  c lose to  d i r ec t ion  of the magnetic f i e l d  and was located 

approximately within the plane of the drawing shown i n  Figure 2 ,  passing 

through the second and fourth q u a d r a n t s ,  , I f  we assume t h a t  the r eg i s t e red  

magnetic f i e l d  is bas i ca l ly  of a solar  o r ig in ,  then the d i r ec t ion  of the 

f i e l d  should be close to the d i rec t ion  toward the Sun, whereby the vector  

of i n t e n s i t y  of the f i e l d  was directed toward the Sun. Thus, the Sun has 

been apparent ly  located i n  the fourth quadrant (Figure 2). 

cons idera t ion  the f a c t  t h a t  the t ime i n t e r v a l  between the two in te r roga t ions  

of the telemetry system comprised two minutes and the period of r o t a t i o n  of 

the s a t e l l i t e  w a s  30 - 40 seconds, we f ind  t h a t  the results of the r e g i s t r a t i o n  

Taking i n t o  
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of the counters,  a s  given i n  Figure 3,  conta in  a considerable stroboscopic 

e f f e c t ,  thanks to  which the observed period i s  much l a rge r  than the a c t u a l  

period of ro t a t ion .  

By taking in to  considerat ion these data during the ana lys i s  of the 

r e s u l t s  of recordings,  we a r r i v e  a t  the following conclusions. Modulated 

s igna l s  from the counter 111 during the period from A p r i l  8 - 28 a r e  

apparent ly  of a s o l a r  o r ig in ;  t h i s  f a c t  i s  confirmed by the readings of 

the photodetectors.  

cosmic background o f -  12 p u l s e s  per second., 

The minimal readings of the counters correspond to  the 

The counters I and I1 could see the l u n a r  surface.  The counter I gave 

the speed of count below the leve l  of the cosmic background, with the 

exception of severa l  measurement sessions.  

was subjected to  a very high load;--according to  laboratory measurements a t  

a temperature of about 20' - 30 
I f ,  however, we take i n t o  consideration the f a c t  t h a t  the counter and the 

semiconductive elements of the input device were overloaded, then such a 

s i t u a t i o n  might occur a t  considerably lower speeds of count, for instance,  

a t  a temperature of about 70 

most probable, however, t h a t  as a r e s u l t  of the increased temperature of the 

counter and the semiconductive elements of the input device,  the amplitude 

of the pulses was i n s u f f i c i e n t  fo r  a s t a b l e  count. 

so f a r  the separa te  points  in  the readings of t h i s  counter,  which correspond 

to a speed of count -  500 p u l s e s  per square centimeter per second. 

c e r t a i n  cases ,  the counters T I  and 111 r eg i s t e red  during t h i s  period of t i m e  

only the cosmic background, i.e., the agent  which was r eg i s t e red  by the 

counter I is  of a d i r ec t iona l  character.  Apparently a l l  of t h i s  i s  no t  the 

X-radiation of the Moon:Against such an a'ssumption t e s t i f i e s  the circumstance 

t h a t  these readings of the counter I were 

located over the i l luminated a s  w e l l  a s  dark s i d e s  of the Moon. We are 

unable a t  the present  t i m e  t o  give an i n t e r p r e t a t i o n  of the readings of 

This could be, i f  the counter 

0 5 
C., t h i s  comprised - 10 pulses pe r  second. 

0 3 - 80' C ,  a t -  10 pulses per second. It is  

Incomprehensible remain, 

I n  

'taken when the s a t e l l i t e  was 

, t h i s  counter,  
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Readings of X-ray counters and photodetectors 
during the period of 8 A p r i l  through 29 May, 1966. 

C r - I ,  C r - 1 1  and C r - 1 1 1  a r e  the readings of the counters I, I1 and 111 
equipped wi th  aluminium windows, Cr.0rg.w. -- designates the  readings of the 
counters I ,  XI and 1x1 equipped with organic windows and turned-on i n  p a r a l l e l .  
PD-1 and PD-2 a r e  the readings o f  the photodetectors of the I ,  I1 and 111 u n i t s  
turned-on i n  para l le l .  The readings of PD-2 were obtained during each measure- 
ment cyc le ,  1 2  seconds a f t e r  the readings of PD-1. (UOut=O corresponds to  the 
moment when the Sun comes in to  the center ’of  f i e l d  of v i s ion  of one of the photo- 
de t ec to r s ) .  The white rec tangles  a t  the bottom of the char t s  correspond to  the 
s a t e l l i t e s  f l i g h t  over the i l luminated p a r t  of the lunar  surface.  The dark -- 
correspond t o  the f l i g h t  over the dark s ide  of the surface,  and the partially.  
shaded rec tangles  correspond t o  the  f l i g h t  near the lunar terminator.  

12  



The readings of the counter I1 contain a l s o  period when the speed of 

count i s  lower than the leve l  of the cosmic background. I n  add i t ion ,  we 

have a l s o  a number of measurements during which the speed of count was c lose  

to  the l eve l  of the cosmic background. A comparison of these measurements 

when the s a t e l l i t e  was located over the i l luminated a s  well a s  dark pa r t s  of 

the l u n a r  sur face  shows t h a t  i f  the counter I1 pointed toward the Moon a t  

these moments, then the in t ens i ty  of X-radiation of the Moon is lower than 

the measurement e r r o r s  which comprise 3 - 5 p u l s e s  per  square centimeter 

sec. We m u s t ,  however, underline the f a c t  t h a t  due to  the presence of a 

stroboscopic e f f e c t  which we have mentioned e a r l i e r ,  and the s h o r t  durat ion 

of the measurement sess ions ,  i t  i s  not  excluded t h a t  the counter I1 d i d  no t  

"see" the Moon during a l l  of these moments of time. 

An ana lys i s  of the readings taken by the counters with organic windows 

is hampered by the f a c t  t h a t  a l l  three counters a r e  connected t o  one 

telemetry channel. 

is possibly caused by the e l e c t r i c a l  leads on one of the counters.  A s l i g h t  

modulation of the s igna l s  can probably be explained by the f a c t  t h a t  the Sun 

came i n t o  the f i e l d  of v i s i o n  of the counter i n  the u n i t  111. 

The high l eve l  of count which is  observed on t h i s .  channel 

Apparently the d i r ec t ion  of the s a t e l l i t e ' s  ax i s  i n  r e spec t  t o  the 

momentum vector  changes gradually in  time; t h i s  circumstance does not  permit 

the i n t e r p r e t a t i o n  of readings obtained from the counters during the m i d d l e  

a s  wel l  a s  the end pa r t s  of May. 

Thus, due  to the absence of accurate  data on the o r i en ta t ion  of the 

s a t e l l i t e  i n  respec t  t o  the Sun and the Moon, we a r e  unable a t  the present  

time t o  a r r i v e  a t  any d e f i n i t e  conclusions about the r e g i s t r a t i o n  of the 

Moon's X-radiation during t h i s  experiment,. 

experiments, possibly with the appl ica t ion  of instruments of a much higher 

s e n s i t i v i t y  . 
It is necessary t o  continue the 

An ana lys i s  of the recordings given i n  Figure 3 makes i t  possible  to  

draw a conclusion about the r e g i s t r a t i o n  of p a r t i c l e s  by our instrumentation, 

apparent ly  e lec t rons  which a r e  included i n  the content of the " t a i l "  

cont inua t ion  of the Earth 's  magnetosphere (RFf ,?!I>. 

the l i m i t s  of the proposed continuation of the Earth 's  magnetosphere four  

The s a t e l l i t e  in te rsec ted  
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times around the dates  of A p r i l  4 ,  between A p r i l  8 and 9 ,  between May 2 and 4 ,  

and on May 7. 

the instrumentation was -not  turned on) an exceeding speed of count over the 

cosmic background was r eg i s t e red  simultaneously by the counters I1 and 111 

( t h e  counter I remained "out of range"). This t e s t i f i e s  to  the comparatively 

i so t rop ic  character  of the reg is te red  rad ia t ion .  A t  the same time we 
observed an increase i n  the speed of count of the geiger counter SBT-9, of 

N. L. Grigorov's, e t  al, instrumentation (Ref. 10); in tens ive  f luxes  of 

slow e lec t rons  were discovered by the instrumentation prepared by K. I. 

Gringauz and o thers  (Ref. 11). 

a lower s e n s i t i v i t y  to  X-radiation as compared with out, counters ,  and 

approximately the same s e n s i t i v i t y  toward p a r t i c l e s .  It is  na tu ra l  to  

i n t e r p r e t  the increased readings of the counters during these days a s  a 

r e g i s t r a t i o n  of pa r t i c l e9  i n  the ta i l  of the Ear th ' s  magnetosphere, which 

was e a r l i e r  s tudied up  to a dis tance of 31.5 Earth r a d i i  (Ref. 12) .  

During a l l  of these cases (with the exclusion of A p r i l  4 ,  when 

The counter used by Grigorov and o thers  had 

When the s a t e l l i t e  was located i n  a zone of r a d i a t i o n  r e l a t e d  t o  the 

t a i l  of the magnetosphere, the speed of count (excluding the cosmic back- 

ground) consis ted of about 50 pulses per square centimeter * seconds * sterad. 

Assuming t h a t  e lec t rons  were reg is te red ,  we f ind  t h a t  the f lux  of e lec t rons  

with an  energy of E 2 40 kev comprised M 50 electron/square centimeters sec 

sterad. 

I t  should be noted t h a t  such a f lux  of e lec t rons  i s  produced by a f lux  

of X-bremsstrahlung o f -  0.1 photon/square centimeter,  seconds s te rad .  

(Accepting the f a c t  t h a t  i n  the case of the lunar sur face ,  t h i s  i s  2 -  l o ) ,  

i . e . ,  considerably l e s s  than the an t ic ipa ted  f lux  of Roentgen fluorescence.  

The authors  express t h e i r  g ra t i tude  to V. F, Sukhanov and A. D. 

Ulyanitska f o r  t h e i r  pa r t i c ipa t ion  in the preparat ion of the instruments f o r  

t h i s  experiment . 
Submitted fo r  publ icat ion 
August 8,  1966, 
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